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A protruding locking pawl 1s provided at an end of a light
guide which corresponds to a first light mput surface. A
recessed locking portion 1s formed 1n a frame so that the
locking pawl can be locked 1n the locking portion. A light
blocking member 1s slidably loosely inserted into a position
where the light blocking member covers a longitudinal end of
the light guide which corresponds to a second light input
surface. Even 11 expansion and contraction occurs in the lon-
gitudinal direction of the light guide, the design dimensions
of a first gap A and a second gap B can be maintained; the first
gap A 1s fTormed between the first light input surface and a first
light source, and the second gap B formed between the second
light input surface and a second light source. Therefore, pos-
sible leakage current can be prevented.
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1
IMAGE SENSOR UNIT AND IMAGE READER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority of the prior Japanese Patent Application No. 2010-
293227, filed on Dec. 28, 2010, the entire contents of which

are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a contact image sensor unit
and an 1mage reader using the contact image sensor unit.

2. Description of the Related Art

In an 1mage sensor unit with light sources installed at the
respective opposite ends of a light guide 1n a longitudinal
direction thereof (main scanning direction), leakage light
may result from, for example, a variation 1 atmospheric
temperature and/or atmospheric humidity.

Thus, an 1mage reader (1image sensor) described 1n Japa-
nese Laid-Open Patent Publication No. 2004-146870 has
been proposed.

Patent Document 1
Japanese Laid-Open Patent Publication No. 2004-1468770

However, disadvantageously, the image sensor described
in Japanese Laid-Open Patent Publication No. 2004-146870
has an increased size owing to a light guide cover provided
therein to cover the light guide. For an 1image sensor without
a light guide cover, additional components are required, dis-
advantageously leading to increased costs.

Furthermore, the 1image sensor may suflfer a crack or the
like when the light guide expands or contracts as a result of,
for example, a variation 1n atmospheric temperature and/or
atmospheric humidity.

SUMMARY OF THE INVENTION

The present invention has been developed 1n view of the
above-described circumstances. An object of the present
invention 1s to provide an image sensor unit that enables
possible leakage light to be prevented without the need to
increase the size of the 1image sensor unit and which also
cnables a light guide to be prevented from suflering a crack,
wear, and the like.

The present mvention provides an image sensor unit
including light sources, a sensor substrate with a plurality of
photoelectric conversion elements mounted thereon, a rod-
like light guide with the light sources arranged close to
respective opposite ends thereof 1n a longitudinal direction to
guide light from the light sources to 1lluminate an 1llumina-
tion target, an 1image forming element configured to form
light reflected from the 1llumination target into an 1mage on
the sensor substrate, and a support with each of the light
sources, the sensor substrate, the light gmide, and the 1mage
forming element attached thereto, wherein the 1mage sensor
unit further includes locking means for allowing one end of
the light guide and the support to be locked together, and a
light blocking member configured to cover another end of the
light guide.

The present invention provides another image sensor unit
including light sources, a sensor substrate with a plurality of
photoelectric conversion elements mounted thereon, a rod-
like light guide with the light sources arranged close to
respective opposite ends thereof 1n a longitudinal direction to
guide light from the light sources to 1lluminate an 1llumina-
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tion target, an 1mage forming element configured to form
light reflected from the illumination target into an image on
the sensor substrate, and a support with each of the light
sources, the sensor substrate, the light gmide, and the 1mage
forming element attached thereto, wherein the 1image sensor
unit further includes locking means for allowing a substan-
tially central portion of the light guide and the support to be
locked together, and light blocking members configured to
cover the respective opposite ends of the light guide.

The present invention provides an 1mage reader using an
image sensor unit including light sources, a sensor substrate
with a plurality of photoelectric conversion elements
mounted thereon, a rod-like light guide with the light sources
arranged close to respective opposite ends thereof 1n a longi-
tudinal direction to guide light from the light sources to 1llu-
minate an 1llumination target, an image forming element con-
figured to form light reflected from the i1llumination target
into an 1mage on the sensor substrate, and a support with each
of the light sources, the sensor substrate, the light gmide, and
the image forming element attached thereto, the image reader
including locking means for allowing one end of the light
guide and the support to be locked together and a light block-
ing member configured to cover another end of the light
guide, or locking means for allowing a substantially central
portion of the light guide and the support to be locked

together, and light blocking members configured to cover the
respective opposite ends of the light guide.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view showing the structure of an
image scanner to which the present invention 1s applicable;

FIG. 2 1s a schematic diagram showing an image sensor
unit 4;

FIG. 3 1s a side view showing the structure of a light guide
11;

FIG. 4 1s a perspective view showing a configuration of the
image sensor unit 4 according to a first embodiment;

FIG. 5 1s a perspective view showing the detailed shape of
a light blocking member 16 according to the first embodi-
ment,

FIG. 6 1s a schematic diagram showing a first gap A and a
second gap B 1n the image sensor unit 4 according to the first
embodiment;

FIG. 7 1s a schematic diagram showing a first gap A and a
second gap B 1n a conventional image sensor unit 4;

FIG. 8 15 a perspective view showing a configuration of the
image sensor unit 4 according to a second embodiment;

FIG. 9 1s a perspective view showing the detailed shape of
a light blocking member 16 according to a second embodi-
ment; and

FIG. 10 1s a schematic diagram showing a first gap A and a
second gap B 1n the image sensor unit 4 according to the
second embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
=]

ERRED

Embodiments of the present mnvention will be described
below. FIG. 1 1s a perspective diagram showing the structure
of a flatbed scanner (1mage reader) to which the present
invention 1s applicable.

A housing 1s shown by reference numeral 1. Platen glass 1s
shown by reference numeral 2 and formed of a transparent
glass plate. The platen glass 1s provided 1n the housing 1 to
serve as a document loading section. A platen cover 1s shown
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by reference numeral 3 and can be opened and closed so as to
cover a document loaded on the platen glass 2 as an 1llumi-
nation target.

An 1mage sensor unit 1s shown by reference numeral 4 and
housed inside the housing 1. The image sensor unit 4 1s, for
example, a contact image sensor (CIS). A holding member 1s
shown by reference numeral 3 and holds the image sensor unit
4 so as to enclose the image sensor unit 4. A slide shaift 1s
shown by reference numeral 6 and 1s movable along the platen
glass 2. A drive motor 1s shown by reference numeral 7. A
wire 1s shown by reference numeral 8.

In this configuration, the drive motor 7 1s driven to
mechanically move the wire 8 attached to the holding mem-
ber 5. Then, the image sensor unit 4 1s moved 1n a reading,
direction (sub-scanning direction) along the slide shait 6.

FIG. 2 1s a schematic diagram showing the structure of the
image sensor unit 4.

A first light source 1s shown by reference numeral 9 and
used to illuminate a document. The first light source 9
includes, for example, light emitting elements 97, 9g, and 956
tformed of LEDs with respective emission wavelengths for
three colors including red, green, and blue (herematter simply
referred to as RGB). The light emitting elements 97, 92, and
96 are sequentially driven to emit light, thus i1lluminating a
document.

Furthermore, a second light source 1s shown by reference
numeral 10 and used to 1lluminate a document. The second
light source 10 includes, for example, light emitting elements
107, 102, and 105 formed of LEDs with respective emission
wavelengths for three colors including red, green, and blue.
The light emitting elements 107, 10g, and 105 are sequen-
tially driven to emat light, thus 1lluminating a document.

The first light source 9 and the second light source 10 may
cach be a white light source.

A rod-like light guide 1s shown by reference numeral 11
and guides 1rradiation light the first light source 9 and the
second light source 10 to a document. The light guide 11 has
a substantially uniform shape 1n a main scanning direction.

The light guide 11 1s formed of a transparent resin such as
acrylic by ejection molding.

The ejection molding mvolves forming a molded article by
¢jecting a melted resin from a nozzle through an outtlow port
(gate) 1into a cavity portion where the resin 1s formed 1nto the
molded article.

Furthermore, the first light source 9 and the second light
source 10 are arranged close to the respective opposite ends of
the light guide 11 1n a longitudinal direction thereof and away
from the respective end surfaces of the light guide 11 by the
lengths of a first gap A and a second gap B, respectively.

A rod lens array 1s shown by reference numeral 12 and
serves as an 1mage forming element. The rod lens array 12
includes a plurality of erecting normal-size 1mage-forming
lens elements arranged therein.

Photoelectric conversion elements are shown by reference
numeral 13 and convert an 1image into which reflected light
(document 1mage) 1s formed by the rod lens array 12, into an
clectric signal. A sensor substrate 1s shown by reference
numeral 14 and includes the photoelectric conversion ele-
ments 13, (k1s a natural number of 1 to 11) mounted thereon.

In the present embodiment, the number of the photoelectric
conversion elements 13, 1s 11. However, the number of the
photoelectric conversion elements 13, 1s not particularly lim-
ited.

Inthe above-described configuration, the image sensor unit
4 emits light at a reading position immediately below the
platen glass 2 by sequentially driving the first light source 9
and the light emitting elements 107, 10g, and 105 provided 1n
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4

the second light source 10 to allow each of the light emitting
clements to emit light. The emaitted 1rradiation light impinges,
through the light guide 11, on a surface of a document sub-
stantially uniformly in form of a line in the main scanning
direction. The irradiation light 1s reflected by the document
and focused, by the rod lens array 12, on the photoelectric
conversion elements 134 provided on the sensor substrate 14,
thus forming animage. The reflected light 1s converted into an
electric signal by the photoelectric conversion elements 13,.
The electric signal 1s processed by a signal processing sec-
tion.

When one scan line of reflected light of all of the RGB
colors 1s read as described above, an operation of reading one
scan line 1n the main scanning direction of the document ends.

After the operation of reading one scan line ends, the image
sensor unit 4 moves further 1in the sub-scanning direction by a
distance for one scan line, while performing an operation of
reading one scan line in the same manner, with the document
irradiated with wrradiation light. The reading operation 1s
repeated to scan the entire surface of the document.

FIG. 3 1s a side view showing the structure of the light gmide
11.

The light guide 11 1s formed of, for example, a transparent
synthetic resin such as acrylic.

A first light input surface 1s shown by reference numeral
100 and provided on one side end surface of the light guide 11
in a longitudinal direction thereof (main scanning direction).
The first light source 9 1s arranged close to the first light input
surface 100 but away from the first light input surface 100 by
the length of the first gap A. That 1s, irradiation light from the
first light source 9 1s 1input to the first light input surtace 100.

A second light input surface 1s shown by reference numeral
101 (not shown i FIG. 3; see FIG. 6 and other relevant
figures) and provided on the other side end surface of the light
guide 11 which 1s opposite the first light input surface 100 1n
the longitudinal direction. The second light source 10 1s
arranged close to the second light input surface 101 but away
from the second light input surface 101 by the length of the
second gap B. That 1s, 1rradiation light from the second light
source 10 1s input to the second light input surface 101.

An output surface 1s shown by reference numeral 102 and
provided along the longitudinal direction of the light guide
11. The output surface 102 allows 1rradiation light from the
first light source 9 and the second light source 10 reflected and
diffused 1n the light guide 11 to be output toward the docu-
ment. The output surface 102 1s formed to be convex so as to
allow light to be concentrated.

A reflection surface 1s shown by reference numeral 103 and
corresponds to a surface of the light guide 11 which lies
opposite the output surface 102. The reflection surface 103
includes, for example, a light diffusion pattern formed of light
reflective coating by silk printing or the like. The light diffu-
s10n pattern 1s configured so as to have a distribution density
depending on the distance from the light source 10; the light
diffusion pattern has a lower distribution density at a shorter
distance from the light source 10 and a higher distribution
density at a longer distance from the light source 10.

Furthermore, each of the other surfaces of the light guide
11 1s a reflection surface.

In this configuration, irradiation light from the first light
source 9 and the second light source 10 enters the light guide
11 through the first light input surface 100 and second light
input surface 101 provided on the light guide 11. Then, in the
light guide 11, the irradiation light propagates through the
light guide, while being totally reflected by the reflection
surface 103 and the inner surface of the light guide 11. At the
same time, the light 1s diffused, 1n the light guide 11, by the
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light diffusion pattern provided on the reflection surface 103,
while being output from the output surface 102. As a result,
the light impinges on the document substantially uniformly in
form of a line 1n the main scanning direction.

At this time, the irradiation light from the first light source 5
9 1s formed of light entering the light guide 11 through the first
light mput surface 100 provided on the light guide 11 and
light traveling directly toward the document through the first
gap A without entering the light guide 11.

Furthermore, the irradiation light from the second light 10
source 10 1s formed of light entering the light guide 11
through the second light input surface 101 provided on the
light guide 11 and light traveling directly toward the docu-
ment through the second gap B without entering the light
guide 11. 15

The light traveling from the first light source 9 or the
second light source 10 directly toward the document without
entering the light guide 11 becomes leakage light. Thus, such
leakage light 1s prevented as follows. For example, a light
blocking section 1s positioned on a way from the light source 20
toward the document to return leakage light from the gap
portion to the light guide and/or to absorb the leakage light.
(First Embodiment)

FI1G. 4 1s a perspective view showing a configuration of the
image sensor unit 4 according to a first embodiment to which 25
the present invention i1s applicable. FIG. 5 1s a perspective
view showing the detailed shape of a light blocking member
16. A frame 1s shown by reference numeral 15 and serves as
a support that supports components of the 1image sensor unit
4. The following components are attached to and supported 30
by the frame 15: a first light source 9 and a second light source
10, a light guide 11, a rod lens array 12, and a sensor substrate
14 with photoelectric conversion elements 13, mounted
thereon.

The light blocking member 1s shown by reference numeral 35
16. The light blocking member 16 includes an opening shape
substantially similar to a cross-sectional shape of the light
guide 11 in the longitudinal direction thereof. The light block-
ing member 16 1s shaped like a cylinder into which the light
guide 11 can be inserted. 40

The light blocking member 16 1s positioned so as to cover
the end of the light guide 11 which 1s located closer to a
second light input surface 101 1n the longitudinal direction of
the light guide 11. The light blocking member 16 fixed to the
frame 15 by a predetermined fixation method. 45

A protruding locking pawl 1s shown by reference numeral
17 and provided integrally with the end of the light guide 11
which corresponds to a first light input surface 100. The
locking pawl 17 1s formed to protrude from the side surface
between an output surface 102 and a reflection surface 103 in 50
a direction orthogonal to the longitudinal direction of the light
guide 11. A recessed locking portion 1s shown by reference
numeral 18 and formed at the end of a light guide holding
section 19 provided 1n the frame 15 whose end 1s closer to the
second light source 10. Locking the protruding locking pawl 55
17 1n the recessed locking portion 18 serves as locking means
for positioning and fitting the light guide 11 1n the light guide
holding section 19 provided 1n the frame 15. Thus, when the
light guide 11 1s attached to the frame 15, the end of the light
guide 11 which includes the locking pawl 17 serves as a fixed 60
end, whereas the other end serves as a free end.

At this time, the light blocking member 16 is slidably
loosely mserted into a position where the light blocking mem-
ber 16 covers the longitudinal end of the light guide 11 which
corresponds to the second light mput surface 101. 65

In this configuration, 1f the ends of the light guide 11 are
housed 1n the light blocking member 16, the light blocking,

6

member 16 1s interposed between the light guide 11 and the
frame 15. This allows the light guide 11 to slide freely around
cach end thereof via an air layer C, together with the light
blocking member 16.

At this time, the air layer C prevents light from being
absorbed by a contact surface formed by the close contact
between the light blocking member 16 and the light guide 11.
This allows the output surface 102 at the end of the light guide
11 covered with the light blocking member 16 to be used as a
reflection surface. Thus, light from the second light source 10
can be efficiently guided inside the light guide 11.

Suppressing the backlash between the locking pawl 17 and
the locking portion 18 enables a variation 1n the dimension of
the first gap A to be reduced. Thus, the clearance between the

ocking pawl 17 and the locking portion 18 1s preferably
minimized.

Furthermore, the light blocking member 16 1s formed of a
synthetic resin with a self-lubricating property, for example,
ultrahigh molecular weight polyethylene, polyacetal, polya-
mide, or polybutylene terephthalate. Alternatively, the light
blocking member 16 1s formed of a synthetic resin containing
a solid lubricant with a self-lubricating property, for example,
a synthetic resin coated with a fluorine resin, molybdenum
disulfide, or the like.

Here, the seli-lubricating property refers to a property of a
material which allows friction and wear to be reduced without
the use of any other lubricant or the like owing to the lubri-
cating property of the material 1tself.

FIG. 6 1s a schematic diagram showing variations in the
dimensions of the first gap A and the second gap B resulting
from expansion and contraction of the light guide 11 1n the
longitudinal direction thereof in the image sensor unit 4
according to the first embodiment. In FIG. 6, a state 601
shows variations 1n the dimensions of the first gap A and the
second gap B resulting from contraction of the light guide 11
in the longitudinal direction thereof. A state 602 shows the
first gap A and the second gap B observed when the light
guide 11 1s mhibited from expanding or contracting in the
longitudinal direction thereof. A state 603 shows variations 1n
the dimensions of the first gap A and the second gap B result-
ing from expansion of the light guide 11 1n the longitudinal
direction thereof.

Furthermore, FI1G. 7 1s a schematic diagram showing varia-
tions 1n the dimensions of the first gap A and the second gap
B resulting from expansion and contraction of the light guide

11 1in the longitudinal direction thereof 1n a conventional
image sensor unit4, that is, the image sensor unit 4 that avoids
the use of the light blocking member 16. Also 1n FIG. 7,
members of the conventional image sensor unit 4 which have
the same functions as those of the members of the present
embodiment are denoted by the same reference numerals for
casy understanding. In FIG. 7, a state 701 shows variations 1n
the dimensions of the first gap A and the second gap B result-
ing from contraction of the light guide 11 1n the longitudinal
direction thereot. A state 702 shows the first gap A and the
second gap B observed when the light guide 11 1s inhibited
from expanding or contracting in the longitudinal direction
thereof. A state 703 shows variations 1n the dimensions of the
first gap A and the second gap B resulting from expansion of
the light guide 11 in the longitudinal direction thereof.

As shown 1n FIG. 6 and FIG. 7, the first gap A 1s formed
between the first light input surface 100 of the light guide 11
and the first light source 9. The second gap B 1s formed
between the second light input surface 101 of the light guide
11 and the second light source 10. Furthermore, as shown 1n
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FIG. 6, the air layer C 1s formed between the light blocking
member 16 and the output surface 102 at the end of the light

guide 11.

In the above-described configuration, the image sensor unit
4 1s hot during a reading operation and 1s cooled substantially
to the room temperature when stopped. Thus, the first gap A
and the second gap B are varied in dimension when the light
guide 11 expands and contracts in the longitudinal direction
thereol 1n connection with the atmospheric temperature and/
or the atmospheric humidity.

This 1s due to a difference in the ratio of expansion and
contraction between the frame 15 and the light guide 11
because polycarbonate 1s used as the material of the frame 15,
whereas acrylic 1s used as the material of the light guide 11.

Thus, 1n the image sensor unit 4 without the light blocking,
member 16, the light guide 11 expands and contracts to vary
the first gap A and the second gap B in dimension. This
inhibits the design dimension from being maintained. Thus,
the 1lluminance characteristics of the opposite ends of the
light guide 11 become unstable. In particular, if the light
guide 11 contracts, the first gap A and the second gap B
enlarge to cause part of light generated by the light sources to
leak. This leads to leakage light.

On the other hand, the 1image sensor unit 4 according to the
first embodiment includes the protruding locking pawl 17
provided at the end of the light guide 11 which corresponds to
the first light 1input surface 100 and the recessed locking
portion 18 formed 1n the frame 15 and in which the locking
pawl 17 of the light guide 11 1s locked. This indicates that the
fixed end 1s provided on the first light input surface 100 side
of the light guide 11, whereas the free end 1s provided on the
second light input surface 101 side of the light guide 11.

Moreover, the light blocking member 16 1s slidably loosely
inserted into the position where the light blocking member 16
covers the longitudinal end of the light guide 11 which cor-
responds to the second light input surface 101.

In this configuration, since the locking position between
the locking pawl 17 and the locking portion 18 serves as a
fixed end, a dimensional variation caused by the longitudinal
expansion and contraction of the light guide 11 resulting from
a variation in temperature and/or humidity starts at the lock-
ing position between the locking pawl 17 and the locking
portion 18.

Thus, a dimensional varniation 1s allowed to occur only at
the free end. This allows the impact of the expansion and
contraction to escape toward the free end, while preventing a
possible variation 1n the dimension of the first gap A corre-
sponding to the fixed end. As a result, the design dimension 1s
maintained on the first light input surface 100 side of the light
guide 11.

Furthermore, a variation in the dimension of the free end
side occurs 1n the light blocking member 16 (a variation in the
dimension of the free end side can be retained 1n the light
blocking member 16). Thus, the design dimension 1s substan-
tially maintained on the second light input surface 101 side of
the light guide 11 by preventing a possible variation in the
dimension of the second gap B between the second light
source 10 and the end surface of the light blocking member 16
provided on the light guide 11.

Additionally, the mner diameter of the end surface of the
light guide 11 which corresponds to the second light 1mnput
surface 101 and the mner diameter of the end of the light
blocking member 16 are each set equal to or larger than the
range of expansion and contraction caused by a variation in
the dimension of the light guide 11 resulting from a variation
in temperature and/or humidity.
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In addition, the widthwise dimension 1s sufficiently smaller
than the longitudinal dimension. Thus, the air layer C 1s
subjected to only a minor dimensional variation.

In the present embodiment, even 1 expansion and contrac-
tion occurs 1n the longitudinal direction of the light guide 11
as a result of, for example, a variation in atmospheric tem-
perature and/or atmospheric humidity, the design dimensions
of the first gap A and the second gap B can be maintained. This
enables possible leakage light to be prevented, allowing the
illuminance 1n the vicinity of the first light input surface 100
and the second light input surface 101 to be kept substantially
uniform. Thus, the 1lluminance characteristic can be stabi-
lized all over the relevant area 1n the main scanning direction.
Therefore, stable image quality 1s obtained.

Furthermore, the light blocking member 16, which 1s sub-
stantially cylindrical, can cover the entire circumierence of
the end of the light guide 11. This allows light to be more
eificiently blocked.

In addition, since the air layer C provided between the light
blocking member 16 and the light guide 11 prevents light
from being absorbed by a contact surface formed by the
possible close contact between the light blocking member 16
and the light guide 11. Thus, light can be retlected 1nside the
light gumide 11, allowing light from the second light source 10
to be more efficiently guided.

Furthermore, the slidable loose 1nsertion of the light block-
ing member 16 allows the contact between the light blocking
member 16 and the light guide 11 to be suppressed even when
the light guide 11 expands on heating or absorption of humid-
ity. This enables the light guide 11 to be prevented from
sulfering a crack, wear, and the like.

Additionally, with the light blocking member 16 attached
to the end of the light guide 11, the inside dimension between
the first light input surface 100 and the end of the light block-
ing member 16 1s equal to or larger than the range of expan-
s1on and contraction caused by a dimensional variation result-
ing from a variation in temperature and/or humidity. Thus,
even with variation 1n the longitudinal dimension of the light
guide 11 caused by a vanation in atmospheric temperature
and/or atmospheric humidity, the mterference between the
second light input surface 101 and the second light source 10
can be avoided. As a result, possible damage to these compo-
nents can be prevented.

In addition, since the light blocking member 16 1s posi-
tioned so as to cover the longitudinal end of the light guide 11
which corresponds to the second light mnput surface 101,
inexpensive commercially available LEDs can be used for the
first light source 9 and the second light source 10. Therefore,
costs can be reduced.

Moreover, since the light blocking member 16 1s formed of
a synthetic resin with a seli-lubricating property, for example,
ultrahigh molecular weight polyethylene, polyacetal, polya-
mide, or polybutylene terephthalate, the friction and wear
between the light blocking member 16 and the light guide 11
can be reduced. This enables the light gmide 11 to be pre-
vented from being, for example, damaged or worn.

Furthermore, since the light blocking member 16 1s formed
of a synthetic resin containing a solid lubricant as a result of
coating with a fluorine resin, molybdenum disulfide, or the
like, the light guide 11 can be prevented from suffering a
crack, wear, and the like, with costs prevented from increas-
ng.

(Second Embodiment)

FIG. 8 1s a perspective view showing a configuration of an
image sensor unmt 4 according to a second embodiment to
which the present invention 1s applicable. FIG. 9 1s a perspec-
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tive view showing the detailed shape of a light blocking
member 16 according to the second embodiment.

Members of the second embodiment which provide the
same functions as those in the above-described first embodi-
ment are denoted by the same reference numerals and will not
be described below.

The light blocking member 16 includes a first light block-
ing member 16a and a second light blocking member 1656
positioned so as to cover the respective longitudinally oppo-
site ends of the image sensor unit 4. Each of the light blocking
members 16a and 165 has an opening shape substantially
similar to the cross-sectional shape of the light guide 11
perpendicular to the longitudinal direction thereof. Each of
the light blocking members 16a and 165 1s formed like a
cylinder imnto which the light guide 11 can be 1nserted.

A protruding locking pawl 1s shown by reference numeral
17 and provided integrally with a substantially central portion
of the light guide 11 in the longitudinal direction thereof. A
recessed locking portion 1s shown by reference numeral 18
and formed 1n a substantially central portion of a light guide
holding section 19 provided in a frame 15. Thus, when the
light guide 11 1s attached to the frame 135, the central portion
of the light guide 11 which includes the locking pawl 17
serves as a fixed portion, whereas the opposite ends of the
light guide 11 serve as free ends.

A projection 1s shown by reference numeral 20 and proved
on the top surface of each of the first light blocking member
16a and the second light blocking member 165.

The projection 20 has a height such that when the light
guide 11 1s attached to the frame 15, the projection 20 projects
from the top surface of the frame 15.

In this configuration, the first light blocking member 164
and the second light blocking member 165 are slidably
loosely 1nserted, through an air layer C, 1nto respective posi-
tions where the first light blocking member 16a and the sec-
ond light blocking member 165 cover the respective longitu-
dinally opposite ends of the light guide 11.

Thus, when the 1image sensor unit 4 1s housed 1n a housing
1, each of the first light blocking member 164 and the second
light blocking member 165 1s arranged between platen glass
2 and the 1image sensor unit 4.

At this time, the 1mage sensor unit 4 comes into abutting
contact with the bottom surface of the platen glass 2 at the
opposite ends of top surface thereof. The first light blocking
member 16a and the second light blocking member 165 come
into abutting contact with the bottom surface of the platen
glass 2 via the projections 20.

This means that the first light blocking member 164 and the
second light blocking member 165 function as spacers.

The number and shape of the projections 20 are not limited
to those 1n the present embodiment.

FIG. 10 1s a schematic diagram showing variations 1n the
dimensions of a first gap A and a second gap B resulting from
expansion and contraction of the light guide 11 in the longi-
tudinal direction thereof i the 1image sensor unit 4 according,
to the second embodiment. In FIG. 10, a state 1001 shows
variations in the dimensions of the first gap A and the second
gap B resulting from contraction of the light guide 11 in the
longitudinal direction thereof. A state 1002 shows the first
gap A and the second gap B observed when the light guide 11
1s 1nhibited from expanding or contracting 1n the longitudinal
direction thereof. A state 1003 shows variations in the dimen-
sions of the first gap A and the second gap B resulting from
expansion of the light guide 11 1n the longitudinal direction
thereof.

As shown 1n FIG. 10, the first gap A 1s formed between a
first light mput surface 100 of the light guide 11 and a first
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light source 9. The second gap B 1s formed between a second
light input surface 101 of the light guide 11 and a second light
source 10. In this case, the first gap A and the second gap B are
the same 1n length.

In the 1image sensor unit 4 according to the second embodi-
ment, the protruding locking pawl 17 1s provided on the
central portion of the light guide 11. The recessed locking
portion 18 1s formed 1n the frame 15 so that the locking pawl
17 can be locked 1n the recessed locking portion 18. This
indicates that the central portion of the light guide 11 serves as
a fixed portion, whereas the opposite ends of the light guide
11 serve as free ends.

Moreover, the first light blocking member 16a and the
second light blocking member 165 are slidably loosely
inserted into the respective positions where the first light
blocking member 164 and the second light blocking member
165 cover the respective longitudinally opposite ends of the
light guide 11.

In this configuration, since the locking position between
the locking pawl 17 and the locking portion 18 serves as a
fixed end, a dimensional variation caused by the longitudinal
expansion and contraction of the light guide 11 resulting from
a variation 1n temperature and/or humidity starts at the lock-
ing position between the locking pawl 17 and the locking
portion 18.

This indicates that an equal dimensional variation at the
opposite ends of the light guide 11 causes a dimensional
variation inside the light blocking member 16 at the first light
input surface 100 and at the second light input surface 101 (a
dimensional variation occurring on the free end side can be
retained 1n the first light blocking member 164 and the second
light blocking member 165). This 1n turn enables prevention
of a variation 1n the dimension of the first gap A between the
first light source 9 and the end surface of the first light block-
ing member 16a provided on the light guide 11 and 1n the
dimension of the second gap B between the second light
source 10 and the end surface of the second light blocking
member 166 provided on the light guide 11. Therefore, the
design dimension can be substantially maintained.

The 1inner diameter of each of the end surfaces of the light
guide 11 which correspond to the first light input surface 100
and the second light input surface 101, respectively, and the
inner diameter of each of the ends of the first and second light
blocking members 16a and 165 are each set equal to or larger
than the range of expansion and contraction caused by a
variation 1n the dimension of the light guide 11 resulting from
a variation 1n temperature and/or humidity.

Furthermore, the expansion and contraction occurring in
the light guide 11 are distributed between the opposite ends
thereol. Thus, the range of expansion and contraction occur-
ring at each of the ends of the light guide 11 1s half the range
of expansion and contraction occurring in the light guide 11.
Hence, compared to the case where only one end serves as a
free end, the present embodiment allows the first light block-
ing member 16a and the second light blocking member 165 to
be reduced 1n length 1n the main scanning direction.

In the present embodiment, even 1 expansion and contrac-
tion occurs 1n the longitudinal direction of the light guide 11
as a result of, for example, a variation in atmospheric tem-
perature and/or atmospheric humidity, the design dimensions
of the first gap A and the second gap B can be maintained. This
enables possible leakage light to be prevented, allowing the
illuminance 1n the vicinity of the first light input surface 100
and the second light input surface 101 to be kept substantially
uniform. Thus, the compared to the case where only one end
serves as a Iree end, the present embodiment allows expan-
sion and contraction occurring in the light guide 11 to be
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distributed between the opposite ends thereotf. Consequently,
the range of expansion and contraction occurring at each of
the ends of the light guide 11 1s half the range of expansion
and contraction occurring in the light guide 11. This allows a
turther variation 1n atmospheric temperature and/or atmo-
spheric humidity to be coped with, allowing the 1lluminance
characteristic to be stabilized all over the relevant area 1n the
main scanning direction. Therefore, more stable 1mage qual-
ity 1s obtained.

Furthermore, the first light blocking member 16a and sec-
ond light blocking member 165, which are substantially
cylindrical, can cover the entire circumierence of the respec-
tive opposite ends of the light guide 11. This allows light to be
more elficiently blocked.

In addition, since the air layer C provided between the light
guide 11 and each of the first light blocking member 164 and
the second light blocking member 165 prevents light from
being absorbed by a contact surface formed by the possible
close contact between the light guide 11 and the first light
blocking member 16a or the second light blocking member
16b6. Thus, light can be reflected inside the light guide 11,
allowing light from the first light source 9 and the second light
source 10 to be more efficiently guided.

Furthermore, the slidable loose insertion of each of first the
light blocking member 16a and the second light blocking
member 165 allows the contact between the light guide and
cach of the first light blocking member 16a and the second
light blocking member 165 to be suppressed even when the
light guide 11 expands on heating or absorption of humudity.
This enables the light guide 11 to be prevented from suffering
a crack, wear, and the like.

Additionally, with the first light blocking member 164 and
the second light blocking member 165 attached to the respec-
tive opposite ends of the light guide 11, the inside dimension
between the first light input surface 100 and the end of the first
light blocking member 16a and the inside dimension between
the second light input surface 101 and the end of the second
light blocking member 165 are each equal to or larger than the
range of expansion and contraction caused by a dimensional
variation resulting from a variation in temperature and/or
humidity. Thus, even with vanation in the longitudinal
dimension of the light guide 11 caused by, for example, a
variation in atmospheric temperature and/or atmospheric
humidity, the interference between the first light input surface
100 and the first light source 9 and between the second light

input surface 101 and the second light source 10 can be
avolded. As a result, possible damage to these components
can be prevented.

In addition, since the first light blocking member 16a and
the second light blocking member 16bare positioned so as to
cover the respective longitudinally opposite ends of the light
guide 11, inexpensive commercially available LEDs can be
used for the first light source 9 and the second light source 10.
Therefore, costs can be reduced.

Furthermore, the projection 20 1s provided on the top sur-
face of each of the first light blocking member 16a and the
second light blocking member 165. The projection 20 has a
height such that when the light guide 11 1s attached to the
frame 15, the projection 20 projects from the top surface of
the frame 15. Thus, the first light blocking member 164 and
the second light blocking member 165 can function as spac-
ers. This enables a reduction in the area of contact with the
bottom surface of the platen glass 2 and thus 1n frictional
resistance, while allowing the contact position to be fixed.
Hence, not only the operation of the image sensor unit 4 can
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be stabilized but also the distance between the bottom surface
of the platen glass 2 and the image sensor unit 4 can be
maintained constant.

Moreover, the locking pawl 17, provided integrally with
the substantially central portion of the light guide 11 1n the
longitudinal direction thereot, can be used as an inflow port
for a resin during ejection molding. Thus, when the light
guide 11 1s molded, the resin can be injected evenly toward
the opposite ends of the light guide 11 around the substan-
tially central portion thereof. This allows the moldability of
the light guide 11 to be improved.

The present mvention includes the locking means for
allowing the one end of the light guide and the support to be
locked together, and the light blocking member configured to
cover the another end of the light guide. Thus, even if expan-
sion and contraction occurs in the longitudinal direction of
the light guide as a result of, for example, a variation in
atmospheric temperature and/or atmospheric temperature,
the designed dimension between the light guide and each of
the light sources can be maintained. This enables possible
leakage light to be prevented, allowing an illuminance char-
acteristic to be stabilized all over the relevant area in a main
scanning direction.

The present mvention includes the locking means for
allowing the substantially central portion of the light guide
and the support to be locked together, and the light blocking
members configured to cover the respective opposite ends of
the light guide. Thus, even 1 expansion and contraction
occurs 1n the longitudinal direction of the light guide as a
result of, for example, a variation in atmospheric temperature
and/or atmospheric temperature, the designed dimension
between the light guide and each of the light sources can be
maintained. This enables possible leakage light to be pre-
vented, allowing the illuminance characteristic to be stabi-
lized all over the relevant area 1n the main scanning direction.

The present mvention 1s an effective technique for an
image reader for an 1image scanner, a facsimile machine, a
copier, or the like.

It should be noted that the above embodiments merely
illustrate concrete examples of implementing the present
invention, and the technical scope of the present invention 1s
not to be construed 1n a restrictive manner by these embodi-
ments. That 1s, the present invention may be implemented in
various forms without departing from the technical spirit or
main features thereof.

What 1s claimed 1s:

1. An image sensor unit comprising;:

a plurality of light sources;

a sensor substrate with a plurality of photoelectric conver-
sion elements mounted thereon;

a rod-like light guide with the light sources arranged close
to respective opposite ends thereof in a longitudinal
direction to guide light from the light sources to 1llumi-
nate an 1llumination target;

an 1mage forming element configured to form light
reflected from the 1llumination target into an 1mage on
the sensor substrate;

a support with each of the light sources, the sensor sub-
strate, the light guide, and the 1mage forming element
attached thereto; and

a locking element configured to allow one end of the light
guide and the support to be locked together, and a light
blocking member configured to cover another end of the
light guide.

2. The 1image sensor unit according to claim 1, wherein the

light blocking member 1s shaped like a cylinder with an
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opening shape substantially similar to a cross-sectional shape
of the light guide perpendicular to the longitudinal direction
thereol.

3. The image sensor unit according to claim 1, wherein an
air layer 1s formed between the light blocking member and the
light guide.

4. The 1image sensor unit according to claim 1, wherein the
light blocking member 1s formed of a synthetic resin with a
seli-lubricating property.

5. The 1image sensor unit according to claim 1, wherein the
light blocking member 1s formed of a synthetic resin contain-
ing a solid lubricant.

6. An 1mage sensor unit comprising:

a plurality of light sources;

a sensor substrate with a plurality of photoelectric conver-

sion elements mounted thereon;

a rod-like light guide with the light sources arranged close
to respective opposite ends thereol 1n a longitudinal
direction to guide light from the light sources to 1llumi-
nate an 1llumination target;

an 1mage forming element configured to form light
reflected from the i1llumination target into an 1mage on
the sensor substrate:

a support with each of the light sources, the sensor sub-
strate, the light guide, and the 1mage forming element
attached thereto; and

a locking element configured to allow a substantially cen-
tral portion of the light guide and the support to be
locked together, and light blocking members configured
to cover the respective opposite ends of the light guide.

7. The 1image sensor unit according to claim 6, wherein
cach of the light blocking members 1s shaped like a cylinder
with an opening shape substantially similar to a cross-sec-
tional shape of the light guide perpendicular to the longitudi-
nal direction thereof.

8. The image sensor unit according to claim 6, wherein an
air layer 1s formed between each of the light blocking mem-
bers and the light guide.

9. The 1mage sensor unit according to claim 6, wherein
cach of the light blocking members 1s formed of a synthetic
resin with a self-lubricating property.
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10. The image sensor unit according to claim 6, wherein
cach of the light blocking members 1s formed of a synthetic
resin containing a solid lubricant.

11. An 1image reader using an 1mage sensor unit compris-
ng:

a plurality of light sources;

a sensor substrate with a plurality of photoelectric conver-

sion elements mounted thereon;

a rod-like light guide with the light sources arranged close
to respective opposite ends thereof in a longitudinal
direction to guide light from the light sources to 1llumi-
nate an i1llumination target;

an 1mage forming eclement configured to form light
reflected from the 1llumination target into an 1mage on
the sensor substrate;

a support with each of the light sources, the sensor sub-
strate, the light guide, and the 1mage forming element
attached thereto; and

a locking element configured to allow one end of the light
guide and the support to be locked together and a light
blocking member configured to cover another end of the
light guide, or a locking element configured to allow a
substantially central portion of the light guide and the
support to be locked together and light blocking mem-
bers configured to cover the respective opposite ends of
the light guide.

12. The image reader according to claim 11, wherein the
light blocking member 1s shaped like a cylinder with an
opening shape substantially similar to a cross-sectional shape
of the light guide perpendicular to the longitudinal direction
thereof.

13. The image reader according to claim 11, wherein an air
layer 1s formed between the light blocking member and the
light guide.

14. The image reader according to claim 11, wherein the
light blocking member 1s formed of a synthetic resin with a
seli-lubricating property.

15. The image reader according to claim 11, wherein the
light blocking member 1s formed of a synthetic resin contain-
ing a solid lubricant.
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